INTRODUCTION
Using the electron spin resonance (ESR) technique for tooth enamel, we have recently ex amined 100 teeth donated from Hiroshima atomic-bomb survivors to estimate individual doses'). Each tooth was divided into buccal and lingual parts for subsequent independent enamel isola tion and ESR measurement to evaluate possible contamination from dental X-ray exposures, which affect mostly buccal surfaces. Nearly 20 teeth showed considerably larger buccal doses than their corresponding lingual doses, at first appearing as if contribution from dental X-ray exposure was considerably large. However, it was found that most of these discrepant cases were incisors and canines. It is difficult to imagine that dental X-ray exposures affected mainly front teeth only. Instead, the results are most likely attributable to solar light exposures in that ultravio let (UV) light exposure, which was reported to induce an ESR signal2'3), is included.
In the present report, we describe tooth-position-dependent differences in ESR-estimated dose between buccal and lingual parts of each tooth, differences most likely due to solar light exposures.
MATERIALS AND METHODS
Briefly, 100 teeth donated from 69 atomic-bomb survivors in Hiroshima who were at least ten years of age at the time of the bombing were chosen from over 300 teeth based on the avail ability of good enamel, DS86 estimated dose 4) of the donors, and multiple teeth from the same survivors to assess possible variation among teeth. Using a disk-shaped diamond cutter cooled with running water, each tooth was first cut into buccal and lingual parts. Subsequently, enamel was isolated and ESR measurement was performed with a Radical Biosensor FR-80 (JEOL, Tokyo). A selective saturation methods) with microwave power of 16 mW and 0.4 mW was used to isolate radiation-related signals from broad background signals ''6). To calculate 60Co gamma-ray equivalent dose from ESR signal intensity, an external calibration curve method, consisting of pooled enamel samples exposed to 0.1 to 4.0 Gy in air (corresponding to 0.098 to 3.92 Gy in enamel), was utilized. Repeated measurements of 32 samples showed that the mean for the difference between the two measurements is 8.7%'). Additional details have been previously described'.
Each ESR measurement of tooth samples from the survivors consisted of 6 consecutive scans. All the samples were measured once to produce the results shown in Figure 1 and Tables  1 and 4 . As for multiple samples from the same donors, two additional measurements were performed almost 3 years later for better estimation of contributing dose by UV light. The results were in close agreement and means ± SDs were shown for these samples (Tables 2 and 3) .
RESULTS
Among 100 teeth subjected to ESR measurement, two failed to produce ESR patterns suit able to extract the radiation-related signal. Consequently, results for 98 teeth were analyzed in this report. Although the teeth used in this study were not selected to match DS86 doses by tooth positions, the average lingual doses did not differ significantly among teeth at different positions (i.e., first incisors = 1.51 ± 0.48 Gy, second incisors = 1.17 ± 0.93 Gy, canines = 1.03 ± 1.05 Gy, first bicuspids = 1.48 ± 0.83 Gy, second bicuspids = 1.29 ± 1.17 Gy, large molars and wisdom teeth = 1.30 ± 0.95 Gy, and a grand average of 1.30 ± 0.93 Gy). Therefore, in the following analyses, differences between buccal and lingual doses were compared according to the tooth position but not to the dose that each tooth received.
Excess doses in buccal samples compared with corresponding lingual doses of the same teeth are shown in Fig. 1 according to the tooth position. As for front teeth (incisors and canines, Figs. IA, 1B, and 1C), distribution is highly skewed, namely, a modal peak lies at 0.1 to 0.2 Gy, but the majority of the cases (32 teeth out of 35 in total) showed positive values of excess buccal doses (Fig. 1D) . In contrast, large molars and wisdom teeth showed a roughly symmetrical distri bution with a modal peak at 0 to 0.2 Gy and only slightly more than one-half (26 teeth out 41) showed positive values of excess buccal doses (Fig. 1G) . Results for first bicuspids (Fig. 1E) were similar to those of front teeth, namely, 12 out of 13 teeth showed positive values of excess buccal doses, whereas results for second bicuspids (Fig. 1F) looked rather closer to those of large molars and wisdom teeth than those of front teeth except for one sample. The mean excess dose in buccal parts was largest in first incisors and decreased gradually from 0.48 ± 0.30 Gy (first incisors) to 0.04 ± 0.18 Gy (large molars and wisdom teeth) following tooth position in the mouth as summarized in Table 1 . Such a declining trend is readily appreciated by exposure to UV light contained in solar light as recently reported for teeth from people without known history of exposure to radiation 3). Buccal doses were significantly larger than corresponding lingual doses for first incisors, second incisors, canines, and first bicuspids but not for second bicuspids, large molars and wisdom teeth. The grouped average of the buccal doses for front teeth (i.e., incisors and canines) was significantly larger than the corresponding lingual doses, but not for bicuspids or back teeth (i.e., bicuspids, large molars, and wisdom teeth) ( Table 1) . representative of true radiation dose. The mean difference was 0.34 ± 0.18 Gy, which is statisti cally significant by paired t-test (p < 0.01) ( Table 2) . Thus, apparently lingual parts of first inci sors also seem to be affected by solar light exposures. From the results, we deduce that dose overestimation for buccal parts of first incisors would be nearly 0.8 Gy (i.e., 0.48 Gy plus 0.34 Gy). Furthermore, lingual doses of first bicuspids had doses larger than those of large molars or wisdom teeth from the same donors by 0.07 ± 0.02 Gy (Table 3) . Although the number of cases is only three, the difference was also statistically significant by paired t-test (p < 0.01). Conse quently, buccal parts of first bicuspids would have overestimated dose by nearly 0.3 Gy (i.e., 0.24 Gy plus 0.07 Gy). One might speculate that front teeth in upper jaw are exposed to solar light more often than those in lower jaw, giving rise to excess buccal doses larger in upper teeth, on the average, than in lower teeth. Present results did not support the notion, however (Table 4 ). In any of the front teeth, either separately or as a group, the excess buccal doses were not significantly different between upper and lower jaw teeth although the means tended to be slightly larger in upper teeth. Present results clearly demonstrate that it is important to take into account tooth position when tooth enamel ESR is used for retrospective dosimetry. For incisors, canines, and first bicus pids at least, it is essential to consider that not only buccal doses but also lingual doses are contaminated by the effects of UV light exposures. As the dose detection limit by tooth enamel ESR is reported to be as small as 0.1 Gy'), it is crucial to exclude the effects by UV exposures for small-dose estimation.
The first obvious choice is to avoid front teeth for ESR measurement. If this is not possible, however, we should use only lingual parts of such teeth as suggested by Ivannikov et a13) while keeping in mind that overestimation by as much as 0.5 Gy may occur in these samples ( Table 2) . Elimination of UV-affected parts of enamel may be another possibility to be pursued. As penetra tion of UV light is very limited compared with that of high-energy gamma rays, repeated gentle etchings of enamel surface followed by ESR measurements might result in preferential elimina tion of UV effects while leaving gamma-ray effects unchanged. As for 254-nm UV, the enamel thickness required to reduce the UV dose to 37% is reportedly 105 ± 10 µm3). Thus, dissolving 200 µm of enamel surface is expected to eliminate nearly 90% of UV-contaminated parts while preserving a substantial amount of enamel for ESR measurement of gamma-ray dose. Very unfortunately, however, UV light from the sun which reaches the earth's surface consists of wavelengths > 300 nm and is likely to penetrate more deeply, a corresponding enamel thickness reportedly 280 ± 70 µm3). Therefore, dissolving twice this thickness from the surface (i.e., 500 µm) may not be practical when we consider the thin structure of front teeth. An alternative approach is to measure buccal and lingual doses of front teeth from people without known history of radiation exposure, and use the excess buccal dose as an indicator of exposures to UV light contained in sunlight. Subsequently, when the excess buccal doses in front teeth from radiation-exposed individuals are negligible, we may disregard contamination by exposure to the UV light, whereas when the excess buccal doses are considerably large, contami nation by exposure to the UV light is obvious, and the excess buccal doses can be used to esti mate the contributing dose by the UV light. Actually, the first case reported in Table 2 showed a small but negative value of excess buccal dose in the first incisor (i.e., -0.03 Gy) (this was a lower incisor), and lingual dose of the same tooth was very similar to that of his large molar (incisor dose was only 0.09 Gy larger than molar dose, Table 2 ). In contrast, the other four cases presented in Table 2 (lines 2 to 5) had, in their first incisors, excess buccal doses of 0.12 Gy, 0.64 Gy, 1.03 Gy, and 0.77 Gy, and their buccal doses of first incisors were larger than those of large molars by 0.50 Gy, 0.98 Gy, 1.29 Gy, and 1.31 Gy, respectively. Although the two parameters, excess buccal dose in first incisors and difference in buccal doses between first incisors and large molars, may not appear to be linearly related, further studies are required to test the possibility.
Last, to eliminate UV-affected parts of the enamel, it should be mentioned that additive dose method (or internal calibration method), commonly used for dose estimation from ESR signal intensity, is destructive and cannot be applied. The present external calibration curve method, consisting of pooled enamel samples, is superior because the original ESR signals of the samples can be maintained. However, the external calibration curve method requires minimizing sample to-sample variation of dentin contamination.
The recent development of the alkaline method to denature dentin for subsequent isolation of enamel8) seems to be an easier way to reduce such variation.
